The natural attenuation capacity of groundwater is considered to be an important factor for remediation purpose, it is also important for surveying suitability in the early phases of siting hazardous facilities. The present work has been devoted to explore the natural attenuation capacity of the groundwater system northeast Cairo. Some indicators (hydrogeological, hydrochemical and isotopic) have been insighted to explore the system retardability against contaminant dispersion. Groundwater flow and contaminant transport have been pointed out using GOD index which varied from 0.04 to 0.28 reflecting high protectability. The isotopic contents (18O, 3H, and 14C) showed a general comply with the GOD index and helped to delineate the sectors of high contaminate attenuation ability. Kelly index inferred significantly high adsorption potential on the aquifer clay content. The calcite and dolomite tend to precipitate on the aquifer contact providing a chance for specific contaminants to co-precipitate. The Eh-pH relation of the studied groundwater samples indicates high oxidation conditions and openness of the system. The attenuation capacity has been determined mathematically, it assumes the dispersive, advective, sorptive, and degradative processes acting on a solute in a one-dimensional flow system. The value of attenuation capacity increases by decreasing groundwater velocity and completely vanishes at a certain high velocity; determined for the relevant radioactive contaminants.
Introduction

Background
The increasing of economic development and the rapidly growing population put a pressure on the Egyptian's natural resources. Northeast of Cairo is a target for development prospects (industrial, agricultural, urban, settlement …) that stress the surface and groundwater resources both in quantity and quality, (Figure 1 ).
The groundwater remediation and its restoration recently shed the interest of many scientific activities. The methods used for groundwater remediation are either in situ or out-situe. Most of them are invasive and intentionally carried out [1] . However, groundwater systems may have some natural characteristics that mediate self-remediation processes.
Natural Attenuation can reduce the risk posed by contaminants in groundwater through destructive processes that destroy or transforms contaminants to less toxic forms and non-destructive processes that reduce the risk from the contaminants. These processes are physical, chemical, or biological and occur without human intervention [2] . These are distinguished into three types; A) Transport processes that include advection, dispersion, diffusion and sedimentation, B)
Phase transfer processes that are responsible for movement between compartments such as Sorption and Volatilization, and C) Transformation processes are the only ones that effectively reduce the mass of contaminants where a transport processes mainly affect concentration and expenses [3] .
The time required for lowering contaminant concentration (naturally) to the protective levels for human health and environment varies widely between different hydrologic systems, different chemical contaminants and varying amount of contamination [4] . Application of natural attenuation of contaminants requires assurance that natural processes are acting efficiently, at a reasonable rate within optimized time-frame or otherwise enhanced remediation techniques are applied, [5] . The effectiveness of natural attenuation is determined by the rate of contaminant loading versus the rate of contaminant attenuation. When natural attenuation is not effective within a reasonable time frame, enhanced attenuation may be a vital alternative remedial strategy [6] , and hence, the performance of natural attenuation process should be continually monitored.
Adequate site characterization lays the foundation for demonstrating the effectiveness of natural attenuation which is determined in the context of the site conceptual model, the supporting site data and the regulatory requirements [7] . The natural attenuation capacity of groundwater as being important for remediation purpose, it is also important for preferability survey considered in early phases of siting hazardous facilities [1] .
Natural Attenuation is employed for groundwater remediation at an increasing number of sites to replace or augment engineered remediation. It has several advantages, among them: it is relatively non-intrusive, achievable, and it is of lower overall costs. As well as, it utilizes inherent natural processes, reduces the use of energy and creation of emissions or wastes from active processes. The indicated advantages of Natural Attenuation give relevance to using it in this work which aims at exploring the potential for groundwater remediation in an important aquifer to the northeast of Cairo. This information is important to measure the protectability of the system and to determine the critical parameters for protection
Aim of the Work
The present work some indicators for exploring the natural attenuation capacity for remediation of the groundwater, northeast Cairo. It functions an approach that integrates the results of hydrochemical analyses conducted on collected groundwater samples (major cations and anions), with inventoried data and information on geological, hydrogeological conditions, environmental isotopes analysis and finally simple analytical expression of radio contaminants attenuation. The indicators introduced in the investigation dealt, on one side, with lithogenic processes (e.g. adsorption, precipitation, permeability reduction …), and on the other side with the flow and contaminant transport processes (advection, diffusion, dispersion) and decay.
Geomorphologic, Geologic and Hydrogeologic Setting Geomorphological and Geological Setting
The distribution of the main geomorphological features in the study area and its environ are shown in (Figure 2 ), as follow: Gebel Hamza Ridge, Heliopolis Basin, El-Khanka and Gebel-Asfer sand dunes and Nile Delta flood plain [8] [9] [10] . Along the existing ridges many of the fault plains, basalt rocks are exposed on the surface [11] . 
Techniques and Approach
In the studied area, groundwater occurs in two main water-bearing formations namely; Quaternary and Miocene. The Quaternary aquifer is mostly found under semi-confined conditions in Belbies area due to the presence of overlying clay bed and is found under unconfined conditions in Inshas area [12] . The depth to water ranges from 21 m (NE) to 91 m (SW). The groundwater flow direction is northeastward with a regional hydraulic gradient ranging between 50 and 60 cm/km [11] . The Quaternary aquifer is mainly recharged from Ismailia canal as well as irrigation return flow. The Miocene aquifer is either found under unconfined or semi-confined conditions depending on the presence or absence of clay intercalation. Its recharge mainly takes place from precipitation during the past wet periods and to less extent from irrigation water and inflow from Pleistocene aquifer; it is discharging through production wells, [13] . Techniques and Approach to determine the potential of natural attenuation of contaminants in groundwater, an approach has been followed that satisfies the following: 1. The conceptual modelling of the system to determine the input was designed, output and boundary conditions and the interactions of the different factors.
2. The major parameters of site characteristics and remediation processes that control the contaminant spread and toxicity and help to demonstrate the natural attenuation capacity were carefully collaborated.
3. The adoption of measures and indicators to be monitored, analyzed and assessed for determining the capacity of natural non-intervening remediation.
The followed approach fits the objective of the current work, where it mixes empirical aggregated data for describing present situation of the system and for getting information about its response. In this approach data are collected, analyzed and integrated to draw findings about aquifer conditions that resist the spread of contaminants. Accounts are taken to the expected sources of uncertainty related to data collected, analysis performed, and simulation assumptions. Two indexes (GOD vulnerability index) and (Exchangeable Sodium Ratio index) have been calculated to infer the potentiality for pollutants retardation. Also, a mathematical expression of the capacity of the system to attenuate the con-taminates (natural attenuation capacity) has been determined.
The GOD index considers three of the major hydrogeological/environmental attributes, namely: (1) Groundwater occurrence, (2) Overlying upper layer lithology, (3) Depth to water. Each of these attributes is given a weighing factor reflecting the sensitivity of the system and process to it [15] [16] . These are also given rating factors, based on their values in the specific locations. The method of calculation of GOD index as well as its weighting and rating system and the categorization defined based on its values, are indicated in the work of Foster 1998. The data used in the current investigation for the GOD analysis are extracted from 42 boreholes [11] distributed in the study area.
The index of Exchangeable Sodium Ratio (Kelly index), has been calculated as proportional ratio of Na relative to Ca + Mg concentration as follow [17] :
The natural attenuation capacity of groundwater systems has been evaluated and determined based on hydrologic, hydrochemical and physical conditions (advection, dispersion, and adsorption and decay rates). The sum of dispersive, advective, sorptive, and degradative processes acting on a solute in a one-dimensional flow system is treated by the solute-transport equation, as follow:
where C is the concentration of the contaminant, t is the time (day), D is the ) [18] . At a steady state and boundary conditions of v+ = C0 at X = 0, C = 0 at X, the contininous concentration decrease away from the constant source, can be expresssesd through the following equation, which represents the solution of the previous equation [19] C) of some selected boreholes samples [13] , Table 3 .
Results and Discussion
These results with the hydrogeological characteristics of the two aquifers have been used to deduce measures and indicators to for natural remediation.
The following Paragraphs will discuss the potentiality of the studied ground- water to inhibit the pollutants distribution and to suppress their toxicity.
Unsaturated Zone Retardability of Contaminant Transport
The index and overlay methodology exemplified by GOD index has been functioned to investigate the retardability of the groundwater contaminants through unsaturated zone in the study area.
The values of the index vary in the range from (0.04 to 0.28), (Figure 4) .
These values are all related to the category of negligible to low vulnerability to contamination. The thickness of the unsaturated zone above water table and its clay content which retards the flow by low permeability and attenuates the pollutants by adsorption, increase the efficiency of pollutants retardation and remediation.
The isotopic content ( The concentration of the major ions shown in Table 1 and Table 2 represent attributes for defining water types, hydrochemical facies and salinity evolution. 
Hydrogeochemical Indicators for Pollutants Attenuation Potential
General Hydrochemical Characters
Sorption and Cation Exchange Processes
Sorption process and cation exchange refers to the reversible uptake of ionic species at charged surface sites like that dominated by clay minerals. When the concentrations of sodium are high in groundwater, sodium ions tend to be absorbed by clay particles, displacing Mg 2+ and Ca 2+ ions.
The calculated values of this index in the study area are shown in Table 1 ; all
Miocene samples and about 51% of the Quaternary aquifer have values above 1, revealing lower permeability and eventually poor internal drainage soil, which optimizes the attenuation of groundwater flow and contaminant transport and emphasizes the protectability of the system [25] .
In order to investigate the occurrence of cation exchange reaction in the stu- 
Precipitation Process
The precipitation of salts from groundwater on the rock matrix may co-precipitate some contaminants and also causes reduction of soil and sediment permeability. Saturation Indexes (SI) of the relevant phases in the studied groundwater system (Anhydrite, Calcite, Dolomite, Gypsum, and Halite) have been calculated using hydrochemical model, [27] , to test the effects of precipitation mechanisms, Table 4 and Table 5 . The samples that have positive SI values with respect to a given phase tend to precipitate it on the rock due to oversaturation, while that having negative SI tend to continue dissolving it due to under saturation. The (Na + -Cl − ) (meq/l) for the collected groundwater samples. dolomite tend to be precipitated causing reduction of matrix permeability and may cause co-precipitation of pollutants.
Redox Potential and Dissolved Oxygen
The redox (Reduction-Oxidation) state of water exerts significant control on its chemistry. Redox conditions influence both the solubility and stability of many common parameters that can control the toxicity or mobility of some contaminants, [28] . 
Analytical Expression of Natural Attenuation Capacity of Some Selected Radioisotopes
The term natural attenuation capacity (NAC), refers to the quantity given in the (Figure 9 ) shows the inverse relation between velocity and natural attenuation capacity for the radioisotopes under concern. If natural attenuation capacity is not satisfactory, enhancement can be done (intensionally) by decreasing the velocity by any of the hydrogeological means. Enhancement may also be intensionally performed by interference with the system properties that affect hydrodynamic dispersion.
Conclusion
The natural potentiality of groundwater systems to attenuate the contaminants spread and toxicity is on one side affected by nature of contaminant and on the other side affected by the hydrogeochemical, biogeochemical, hydrogeological and physical, characteristics of the system. The natural ability of the groundwater system of the northeast Cairo to limit the distribution of pollutants have been discussed through treating the physical characteristics of the system, the hydro- 
